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SYSTEMATTC WIND-TUNNEL MEASUREMENTS
ON A LAMINAR WING WITH NOSE -FLAP*
By W. Krueger

ABSTRACT: Results of measurements are given as a supplement to
earlier tests for a laminar profile with nose flep;
magnitude, form, and angle of attack of the flap were
systematically chenged. The experiments were carried
out at an effactlte Reynolda number of 8.2 X 10°. The
maximm 1ift was lacreased to an optimm of Ao, = 0.7.
A comparison with measurements on other profiles shows
that the effect of a nose flap 1s essentlally dependent

11
upon magnitude of the nose radiue coefficient
afr)
of the profile.
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IIT. Defini:biona and Measured Results
IV. Sumary and Dsductions
V. Bibliography

I. INTRODUCTION

A report was made earlier on the first tests on a wing with
nose flap (1). It was pointed out alreedy that the 1i1ft increesing
offect of the nose flap can be of particular importance for distinct
high-speed flight profiles with very pointed nose. The bemeficlal

*noystematische Windkenalmessungen an einem Leminarflligel mit
Nasenkleppe," Zentrele fiir wissenachaftliches Berichtswesen der
Luftfahrtforsching des Generalluftzeugmeisters (ZWB) Berlin-Adlershof,
Forschungsbericht Nr. 1948, Gottingen, den 13.6.u4k,
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effect of the nose flap was conflirmed by an adjoining test on

the Russlisn laminar profile 2315 Bis (2). The influence on the
maximm 1ift of magnitude and form of the nose flap was recognizable
from the results of the preliminary tests. These Influences were
systematicelly investigated in the present measurement. First

of all, the modifications of the aerodynamlc coefficiemts of the
ving during the extending of the flap had to bo elucidated.

IT. DESCRTPTION OF THE MODEL AND EXPERIMENTAL ARRANGEMENTS

The test wing was rectangular and showed the following design
dimensions:

Spen b= 1.23m
Chord 1 = 0.25m
Reference area F = 0.3065m2
Aspect ratio A= b ok

The wing tips were formed according to recent test results (3)
(oross section of the wing tip eshead of the point of groatest
thickness semicircular, behind it elliptic). The form of the
Russian laminer profile 2315 Bis that was used can be seen In
figure 1. The nose flaps were fastened to the wing by means of

a plano hlnge vhose axls of rotation was et tho cwrvature center
of the nose of the profile. Thereby a qulck exchange of the fleps
and an uninterrupted modificatlon of the flap angle were made
possible. Apart from thoe nose flap, the profile could be furnished
with a split flap of 20 percemt chord. The me ts were
carried out in tumel 1 of the AVA (2.2imf, Fy = 4.Om<).

ITTI. DEFINITIONS AND MEASURED RESULTS

The definitions of the force and moment coofficients as well
as thelr scnse of directlion conform with the norm DIN L 100. All
coefficlents are referred to the area (inclusive of thy wing tips)
end to the chord of the smooth profile, respectively. The transverse
axis situated in 1/4 1s the axis of reference for the longltudinal
moment. The measuremonts vere generally carried out at o Reynolds
number of 7.2 X 107 (wind velocity 40 m/s). Taling the degree of
turbulence of the air flow into consideration (factor of turbulence
1.13) the effective Re-number 1s 8.2 x 107, The test results were
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in the usual marmer expressed ln terms of infinite free jet

" oross ‘section-and. infinite easpect ratlo. The forms of nose
flaps which ware investigated are put side by side for a better’
survey in figure 2. The systematlc variation of the chord,
camber and leading-edge curvature of the flap wore examined as
well as the iInfluence of & alot between wing and flap. The
best flap angle for each ocase had to be ascertained.

The results of the tﬁree-component meegurements are
reprosented in the figures 3 to 12 following a few ocomments.

Influence of tho nose-flap angle.- The maximum 1ift 1s
to a very high degree dependent upon the flep engle as had
become evident before. Figure 3 showvs the maximum 1lift increment
Acama:nn' by the noee flap as a function of the angle ny for

the wing with and wlthout rear split fleop and various choxd
ratios of the nose flap. Below mny = 100°, Canayx deteriorates,

beyond that figure 1t improves. Nearly all optimum values
according to the present meesurement are at = 130° 4+ 1k0°

as constrested with earlier measursments on the oeme pofile (2),
vhore the most favorable angle was at arownd ny = 118°. This
result was checked soveral times snd was confirmed time and egain
for other wind velccltles as woll as with turhulence screen
(turbulence factor 2.03).

Influence of the chord ratin.- The resulte wlth threo nose
flaps of chord ratios ol Tyr 1 = 0.05; 0,10 end 0.20 are repre-
gontod in figureo 4. Ono can see that c increases con-

pldersbly wlth lncreasing chord retilo, e curves for each
case are glven for the most favorable angle Ty Moroeover, the

curve cg = f(q,) for an angle Ty = 140° which is less then the

optimum valus 1s graphloally represented for the flap of the

chord ratio g/l = 0.2. A surprie flat maxrimm is obtained
for thie case.” Even for an « of 28° (that is, a =~ 32° a2t A= 6)
Copay - 18 8till larger by an emount of 0.58 as contrasted with the -

mmooth profile. An obeervatlion of the flow with smoke demonstrated
that 'In this case separation occurred shortly behind the trensi-
tlon point from the nose flap to the wing. Comsequently the flap
mst have blg loading.

Figure 5 shows the galn in meximm 1lift by the efféct of the
noge flap as a function of the flap-chord ratio for various
curvatures (8/1) of the leeding edge. The incremsnt which was
obtained with the small nose flap of 1x/t = 0.05 at the greatest

curvature of the leading odge makes the use as a meens of stall
control seem sucoessful.
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Behavior Iin separation.- Flow observation by means of tufts
on the wing without a split flap produced rellable proof that on
a wing with a nose flap the twrbulent polnt of separation travels
slovwly forward from the tralling edge of the wing wlth increasing
angle of attack while the smooth wing separates very suddenly near
the nose of the profile. This phencmenon Indicates that the
pressure increase 1s diminished conaiderably by the nose flap
after flowing around the nose of the profile; this fact altogether
explains the increase of the maximum 1ift. A similer effect
could bs observed for the wing with split flap; however, the
separation occurred here more suddenly than without split flap
even when a nose flap waa provided.

. Inflvence of the leading-edge curvature.- A further increase
of the maxipnm 11ft can be made possible by lncreasing the curvature
of the leading edge of the flap, as svidenced by figures 6 and 7.
The course gy = £(8/1;) for lx/l = 0.1 (fig. T) shows for a

vory great curvature & decrease of Canax This phencmenon might

perhaps be elucidated later by pressure-distribution measurements
and calculations.

Influence of the camber of the ﬂa}.- The cember of the flap
hed béen selected for most of the investigations particularly so
that the suxrTance of the flap when the latter was extended coincided
wlth the contour of the pressure elde of the amooth profile. Beside
this normel camber, (fy/iy = 0.095), the cases fgfig =0 and

0.16 were measured on the nose flap of 10 percent chord in order
to determine the Influence of the magnituvde of the cember. The
results are shown in flgure 8. One cen see that no essential
improvemsnts can be obtalned by an increase of camber.

Modification of the aerodynemic coelficlents during the
extenaion.- The coefficients Cay Cyy Oy &8 & function of angle
of attack and nose-flap angle must necessarlly be known in oxrder
to judge the flight behaviour of an alrplane which 1s equlpped
vith a nose flep. These values are represented for the chord
ratio Ix/2 = 0.05 and 0.10 in figures 9 and 10. The ccefficients
for the wing without nose flap also axre coantained in the graphs.
The modifications of oy (&t wnchanged a) and of the coefficients
oy and oy (at unchanged cq) in the interesting region of
original conditions which are causedl by the extension of the nose
flap, as oon'bra.sted. with the starting coniition "no nose-flap
extonsion,” are rather amall when compared to the modificetion
that ocour, for instance, by the extenslon of a rear spllt flap.
This statament is valid in particular for the case of the nose -
flap of a chord ratio g/t = 0.05 and also for the case that

the split flap was extended before the nose flap. There 1s only
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one besic- difference as oontrasted with the extending of = split
flap: .the.extending of a nose flap causes the drag to increase
end simultaneously the 1ift samewhat to docreasewhile the
extending of a eplit flap ceuses an Increase in the drag and
elso of the 1ift. Since, however, the decrease of 1ift which
first eccurs for mmall nose-flap extensions is emall, this .
Aifficulty may be assumed to be not unsurmountable. The flight
propertias cen probebly be remdered normal by an appropriate -
combindtion of the extension of noge and split flaps. Also, a
purposive selection of the extending velocity can probably
overcomg posslble contingent difficulties since for the mmeateady
phenomerin & temporal delay wmtll the new flow condition is
formed 18 surely to be expected. Tests for the water channel
are being prevared in order to Judge theso gquestions; in these
tests the flow phonomensa for extending velcoltles of varlous
magnitudes will bs obrorved.

High extending velocities coupled with emall power reoquire-
ments for extenslon could certainly be cbtalned by an aerodynemioc
balance of the flap moments. Such balancse could for instance
be arrived at by cn appropriate coupling of the nose-~-flap exten-
sion with a aplit-flap extension in the rear region of the pro-
file. If for this pwpoce the split flcp ia arrangod mo that
the oxtended flap lins ahemd of 1ts axls of rovtation, its sense
of rotation thorefcre in opposed to the usual cne, the mplit
flop will automaticelly be extepded further by tho moment of the
alr force which appoars when the flap is extended from lts zero
Position. The mmment of the alr force of the split flap could
bo used for a totel or portial balance of the moment of the nose
flap; this aim could be reached by em appropriate sclection of
the area ratio nose flap/spit flap.

Inflvonce of the slot.- Figure 11 shows that the 1ift increasing
effoct for a noss flap of a chord ratio 1x/7 = 0.10 is nullified
by & slot botween wing and flap. The corresponding curves
Cq = £ (o ) for the case "without slot" are drawn in dashed
lines int& the graph for comparison. A flow through the slot
from the prossure side to the suction side has in thls case a
disturbing effect. .

Comparieson of the effacts of nose flaps for -various forms
of profile.- Bosides the proscnt investigation and the reports
mentioned in paregreph V a measurcment on the profile "Musteng-
Walz 2" with nose flap was carriod out in the meentime; this
test will be publishod soon at the ZWB. Moreover an experiment
on & nose-flap profile with normal nose radius was carried out
by the firm Measerscimitt A.G. according to a suggestion of the
AVA (4). The profilos which were invostigated, the main deta
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on their construction and the 1ift inpreases that wore ohtained
by the nose flap are represented in figwre -12. It was to be
expected that the 1ift inoreasing effect of the nose flap would
be greater the more pointed the profile used. The plot of the
galn In ' Ofmay - by the nose flap versus the nose-radius coeffi-

e (£ig. 12) confirms this assumption very well. The

comparison 1s not quite umnobJectionable because the Re-number
wvas not the seme for all tests; Dut one may suppose that the
trend of the curves would not change essentlally at the same
Re-mumber.

clent

VI. SIMMARY AND DEDUCTIONS

Meagsurement results for the Russlan laminar profile 2315
Bis with nose flap are given vhere form, magnitude, and angle
of attack of the flep had been changed systomatically. The 1lift
Increase by ths nose flap amounts, In the most favorable case,
to about 0.7. The most favorable flap engle, measured with
repect to the wing chord is botween 130° end 140°. The greater
the flap chord ratio and the camber of the flap the stronger is
the effect. The relatively good results which wors obtalned by
a flap of 5 percent chord and large rounding-off radlus of the
lenrding odge make the use of the flap as a meene of side alip
prevention seem promising. The mcdifications of the aercdynamic
coofficients duwring the oxtending of a nose flap are mmaller than
the ones origineting when extendling normel spllt rlaps. Therefore
1t may be assumecd that the flight properties can be influsnced
favorably, particulerly so when nose and split flap or camber
flap, respectively, are cambined eppropriately. A slot between
nose flap and wing has an unfavorable effect. A comparlson of the
effectes of nose flaps on verlous profiles shows a marked Increese

of effeoct with decreasing nose-radius coefficient (a /_” . Con-

sequently c, can be Improved eseentially by nose flaps only

for profiles here the turbulont separation occurs, because of a

veory rapld pressure increese, in the flow immediately behind the
nogse of the profile. The large negatlve pressure near the nose

can be conslderably docreased by the nose flap; tho behaviour in
separation of such procflles cen be made similar to the beshaviour
of profiles with normal nose-radius coefficients.

Translated by Mary L. Mahler
National Advisory Committee
for Aoronsutics
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IniL=005

Rosult see Fig, 4 and b

Camber of the flap corresponds to
the pressure side-contour of the
profile

4= 0.008

Influence of the chord
of the Nose flap

™Nlly = 0,095

Ny = 0165

Inj(=010; dliy = 0,08;

Result see Fig, 8

dliy = 0,08

Result see Fig., 6 and 7

Camber of the flap corresponds to
the pressure stde-contour of the

profile
LN/ = 0.10

Result see Fig. 6 and 7

Camber of the flap corresponds to
the pressure sido-contour of the
profile

'[N/L = 0.08

Influence of the curvature
of the leading edge

Influence of the curvature
of the leading edge

it = 010
Iy = 012
sit =001

Result see Fig. 11

Influence: of the camber

Influence of a slot

The total profile chord for

the graphs is: L= 250mm

Graph -i:l
Model ~

Scale:

Figure 2. The forms of nose flaps which
were investigated.
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function of the flap camber (fN/,QN). Wing with split flap (,QK/f =
0.2; 7 gk 60° ). For fN/,p §= 0.095 the camber of the nose flap corre-
sponds to the pressure side contour of the smooth profile.
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Figure 11. cg=1 (0003) for the wing with nose flap and slot. The case

" without slot " is indicated by a dashed line for comparison.
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